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© A superconducting electronic circuit device, use- 
ful when impedance matching is desired, especially 
suited to microwave frequencies, consisting of a thin 
dielectric layer (12) with superconducting layers 
(10,14) on both sides. A superconductor such as 
Yttrium Barium Copper Oxide (YBCO) is formed on a 
first substrate (12) such as lanthanum aluminate. A 
protective layer (16) like gold is deposited on the 
YBCO and a second carrier substrate (20) is bonded 
to the protected YBCO. The first substrate (12) is 
then thinned into a thin dielectric film and a second 
layer (14) of superconductor is epitaxially grown 
thereon to create the desired circuits. 
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«u JT" ,nvent, ? n concerns the production of so- 
called superconducting electronic structures such 
as electronic circuit devices that handle signals 
over a broad range of frequencies, particularly the 
higher more demanding, microwave frequencies. 
We W || descr.be, more specifically, devices made 
from superconducting materials, especially high 
cntical temperature (Tc) superconductors (HTS) 



Background of the Invention 

Electronic devices that operate from low fre- 
quences up through the microwave portion of the 
spectrum are important for communication, data 

ESS"*" 8 ' ° ther app,ications - Th^e devices 
include transm.ssfon lines, filters, resonators, delay 
Jnes and other structures. The performance of 
these dev,ces can be enhanced by the use of 
superconducting materials, which offer lower resis- 

normlTm ! T* l° Wer diSpereion of si 9 nals than 
normal metal conductors such as copper or gold. 

Conventional superconductors, such as ele- 
mental n.ob.um. require devices to be operated at 

TV" boi,in9 point of B<,uid helium 

(4 degrees Kelvin), a difficult and costly temoera- 
£e to maintain. Higher Tc supercondS^t 
devices to operate at or near the more P rS ca 
boH.ng point ofjiquid nitrogen (77 degrees K^n) 

o? a ZZ h T, TC "V™***** are member 
of a class of layered perovskfte compounds in 

fol°^ eCtroniC ,ranSport takes P'ace i^ pte 
formed by copper and oxygen atoms. As a result 
hese matenals are referred to as copper oxide 
superconductors or si mp ,y cuprates . £ 

52, n 7'^ stoichiom «tric compounds of 
fJS SrCu0, BisrCa Cuo. and TIBaCaCuO 
Of partcular interest is the compound composed of 
= m. banum. coppe , and oxygen ^ ^ ^ 

The application of HTS technology to elec- 
ronu: dev-ces. especially in the mlcroS^^E, 
, . ! Ctr ° ma9ne,ic spectrum, has been com- 
phcated by the fabrication requirements for HTS 

nZn, J , Part,CU ' ar ' the basic de *ice geometry 
needed for microwave components is Sto 
achieve w»h the materials an^ethods current y n 

SESTiSE? microwave circuit 

general m p ed ance matched transmission lines 
cons.st of a ground p.ane metallization, a dielectric 
layer overlaying the ground plane, and a S 
conductor layer. on , op of the die.ectnc layer, thm 
contams the active circuit. Alternating current s qna 
propagation is pr imarily by electromagne'c S 

Z e " n9 :" th V' eleC,riC ,3yer be ^ n the ground 
plane and the thin strip. y 

ma( l h !,? irCUit e ' emen,s need '° be impedance 
matched lor efficient and reflection free operaTon 
The .mpedance of , he structure is determ P ned 



ttie thickness of the dielectric layer, its dielectric 
constant, and the width of the conducting strip S 
sandard 50 ohm impedances, commonly used £ 
electric materials dictate dielectric thicknesses 

. c ZTd te e to r ,ine widths ° f *• c °»™*9 

SL orl: T f 3Cked CirCUi,S ' Wi,h wid ths 
on the order of a few microns, dielectric thickness 

The difficulty of fabricating high temoeratnm 
>o superconducting films on oppoite StTSTS 
*.n d.electric layer, perhaps as thin as a few 
microns, has restricted the development of HTS 
microwave devices. Common sense suggested 
possible approaches to this problem TheS 
» proach .would be to deposit superconductor t Z 
ST 9 T S ° f 3 thin die ' eCtnC s ^rate such a^ 
oTrlT Um tT 1 " 310 ° r SappNre - ^ ^cond aP ! 
proach would be to deposit the layers sequential* 
(superconductor, dielectric, superconductor) on a 
20 ^e S bStrate - U " fort - a te'y. nUr^ U aP ! 
quirements for depositing thin HTS films 

avai^^ 3960 " 5 P"^* 88 °' HTS films are 
ss % Jf samples Qrown w 'th a high decree 

PuS^r, 0 ^ T ° maintein tWs 0?de ' S 

a£J2 . 6 CryStal sfr uctures which permit 
30 that Ta < ET ° f th8 ^^ctor. Substrates 
Tuch a?.aLl C n e ' matC ; hed 10 816 s ^conductor. 

aluminate or strontium titanate 
are particularly well suited to this purpose as thev 
prov.de a nearly idea, template for epSLfa. grS 
of the superconductor thereon. 9 
35 t° me otherwise desirable substrates, such as 

th 9 P S;! ^ SiliCOn ' f3il to satis * °™ » ™re of 
with HTSfi.^ abOV9 ' "■*** Chemical Ability 
less it 1 1? ° r a K C ; ,0Se ,attice ™ch. Neverthe- 
less, it is stilt poss.ble to grow high quality HTS 

buTerTaye^r' SaPPWre by ^ng^hin 
film " the Substra,e and th e HTS 

th* " TS 4 f ' ,ms are generally formed by vaporizinn 
the const.tuent components of the HTS maS 

The components may be vaporized by laser abla- 

muVbTr 9 / ° r ° ther t6ChniqUeS - ^ substa e 
form no ,hT at 3 tem P^ature suitable for 

orde r d8 r^ H T S a n° Xy9en riCh enviro " m «"t. ,n 
prooertL r? n I s '" mS wi,h uni,orm| y ex «"ent 
SzeTn tos . bStrat6S °' ,ech "°'09'caliy useful 
contro Z centime ters). it is necessary to 

ss narrow ran" ,emperatljre °' 'he substrate wi,h£ a 

To achieve ^-"T' ^ ^ °' the subs,rate - 
I cSIh f- ' e,Tlpera,ure control, the substrate 

possible to control the temperature by radiation 
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heating. 

These heating techniques necessarily subject 
the thin brittle substrates to mechanical and ther- 
mal stresses, leading to an unacceptable amount of 
breakage even in substrates as thick as 250 s 
microns. Clearly, substrates that are ten or even a 
hundred times thinner would have no structural 
integrity without continuous physical support. Thus, 
it is very difficult to deposit HTS films on opposite 
sides of such a thin dielectric substrate, in accor- to 
dance with the first common sense approach men- 
tioned above and the challenge is further exacer- 
bated as the substrate thickness is reduced. And 
yet, substrates with thicknesses of 250 microns or 
greater place unacceptable constraints on line 75 
widths and component densities in microwave cir- 
cuits. 

The second common sense approach is to 
sequentially deposit layers of superconductor, di- 
electric, and superconductor on an appropriate so 
substrate. Whereas the strategy of the first ap- 
proach is unworkable because free standing sub- 
strates under 250 microns are too thin to work with, 
the strategy of the second approach fails because 
it is not practical to deposit thick dielectrics. It is 25 
very hard to grow dielectric materials with the 
desired crystalline quality and dielectric properties 
in thicknesses over a half micron. If the crystalline 
structure is poor, it will not support the growth of 
the second layer of superconductor. If the quality so 
of the dielectric or superconductor is poor, the 
device performance will be degraded. 

We will describe arrangements which allow the 
construction of useful devices from high Tc super- 
conductors spaced by a suitably thin dielectric 35 
substrate. 

We will describe the fabrication of practical and 
robust HTS devices with dielectric layer thicknes- 
ses in the range of 1 to 250 microns. A novel 
fabrication sequence is described that begins with 40 
the deposition of an HTS film on a first substrate 
thick enough to be conveniently handled. The 
superconductor is then covered with a special pro- 
tective layer that controls the migration of oxygen 
out of and into the superconductor. The protective 45 
layer also prevents the reaction of the supercon- 
ductor with future layers during processing and film 
growth. Copper-oxide superconductors are very re- 
active, and any disruption of their stoichiometry or 
crystal structure quickly degrades their supercon- 50 
ductivity. 

The protected superconductor layer is then 
bonded to a second carrier substrate so that the 
superconductor is mechanically sandwiched be- 
tween two stabili2ing substrates. So stabilized, the 55 
original first substrate can now be machined and 
polished as thin as desired to form a dielectric 
layer from 1 to 250 microns thick as needed. The 



second superconductor is then deposited onto the 
dielectric layer to complete the superconductor- 
dielectric-superconductor (SDS) structure. This 
SDS structure is appropriate and useful not only for 
microwave circuits, but also for components, de- 
vices, and circuits operating at any frequency, even 
in direct current applications where impedance 
matching is desirable. 

Additional details and benefits are described 
hereinafter with reference to the drawings which 
show various preferred embodiments of the inven- 
tion. 

Brief Description of the Drawings 

Figure 1 is a perspective view of a fragmentary 
portion of the operative layers of the desired SDS 
structure resulting from the fabrication sequence of 
the present invention. 

Figures 2-6 show the sequential steps used to 
produce the structure of Figure 1 as follows: 
Figure 2 shows the deposited first superconduc- 
tor layer on a first substrate; 
Figure 3 shows the addition of a protective layer 
on the first superconductor layer; 
Figure 4 shows the Figure 3 structure bonded to 
a carrier substrate to mechanically stabilize the 
structure; 

Figure 5 shows the first substrate reduced in 
thickness to create a thin dielectric layer; and 
Figure 6 shows the addition of the second 
superconductor to create the SDS structure. 
Figure 7 shows another embodiment of the in- 
vention similar to Figure 2 except with a buffer 
layer interposed between the first substrate and 
the first superconductor layer. 
Figure 8 shows the SDS structure of Figure 6 
with buffer layers interposed between the dielec- 
tric layer and both superconducting layers. 
Figure 1 depicts a typical portion of a super- 
conducting microwave circuit using the SDS struc- 
ture. The essential elements are a ground plane 
superconductor layer 10, a thin dielectric layer 12, 
and a strip of superconducting material 14. Signals 
propagate primarily in the form of electromagnetic 
waves in the dielectric layer 12 bounded by the 
ground plane 10 and the strip 14. Strip 14 can be 
made very long to create devices such as a signal 
delay line, or formed with capacitively coupled 
gaps to create filters or resonators, or simply used 
as a signal carrying transmission line. For the typi- 
cally used characteristic impedance, the dielectric 
thickness DT needs to be on the order of the line 
width LW. To achieve the required circuit packing 
density compatible with contemporary designs, LW 
may be as small as one micron, which means that 
DT may have to be as thin as one micron. Figures 
2-6 illustrate the stages of a method of creating the 
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unique SDS structure of Figure 1 using HTS films 
and compatible dielectrics that allows DT to be in 
the range of 1 to 250 microns. 

In Figure 2, a first layer of superconducting 
material 10 has been epitaxially grown on a first 
substrate 12. YBCO is the preferred superconduc- 
tor, while lanthanum aluminate or magnesium oxide 
are the preferred substrate materials. The particular 
method of growing or depositing the superconduc- 
ting films is not critical to this invention. The pre- 
ferred deposition processes are laser ablation and 
off-axis sputtering, but any deposition process may 
be used, including other forms of physical vapor 
deposition, chemical vapor deposition, metalor- 
ganic chemical vapor deposition, and even liquid 
phase epitaxy if that technique should evolve to the 
point of depositing high quality films. 

In general, the highest quality YBCO films are 
made by an in situ deposition process, in other 
words, a process that does not require a high 
temperature post-deposition anneal to form the 
superconducting crystal structure. However, other 
workers in the art have reported producing high 
quality YBCO films by a so-called "barium fluoride- 
technique, in which the film is formed first in an 
amorphous structure which includes fluorine, then 
annealed at high temperature in an oxygen environ- 
ment to drive out the fluorine, drive in the oxygen, 
and form the desired crystalline structure. The 
films of this invention may be made by the barium 
fluoride technique, in which case the appropriate 
annealing steps must be included. 

If first substrate 12 is sapphire or silicon, the 
structure may also include a thin dielectric buffer 
layer deposited between layers 10 and 12 YBCO 
chemically reacts with sapphire and silicon, thereby 
degrading its superconducting properties. This 
degradation can be avoided by depositing one or 
more intervening buffer layers which do not react 
with either YBCO or the substrate material. Suitable 
buffer layer materials include strontium titanate, 
calcium titanate, magnesium oxide, and yttria-stabi- 
lized zirconia. Intervening buffer layers can also 
improve the epitaxy of the YBCO. An embodiment 
incorporating an intervening thin buffer layer 1 1 will 
be discussed later with respect to Figure 7. 

Still with reference to Figure 2, substrate 12 
has a thickness ST of perhaps 20 mils (508 
microns) at this stage, which makes it reasonably 
stable and workable. This thickness makes the 
substrate 12 structurally stable and allows sufficient 
lateral heat conduction to thermally equalize its 
upper growth surface at a uniform constant tem- 
perature of approximately 750 degrees Celsius dur- 
ing the growth of superconducting layer 10. In the 
preferred embodiment, substrate 12 is held to the 
heater with a silver paste, clamped to a metallic 
foil, brazed with a silver alloy, or radiativeiy heated 



to ensure completely uniform temperatures over 
the growth surface. 

Figure 3 shows the next stage of the process 
in which a protective layer (or layers) 16 has been 
5 deposited over the superconductor layer 10. Pro- 
tective layer 16 is used because some of the HTS 
crystalline phases, particularly with the YBCO com- 
pound, are unstable at the temperatures and pres- 
sures used in the deposition process. The materi- 
io als tend to lose oxygen, which degrades their 
superconducting properties. For example, if low 
oxygen pressures are encountered at high tem- 
peratures, the orthorhombic YBCO phase will lose 
oxygen and may transform to an insulating phase 
« with tetragonal symmetry or even decompose into 
species such as Y 2 BCuOs, BaCuOz, and/or Cu 2 0 
In addition, YBCO is highly reactive with many 
substances and may degrade during subsequent 
processing steps without protection. Protective lay- 
20 er 16 controls oxygen diffusion and prevents 
chemical interaction or diffusion between supercon- 
ductor layer 10 and subsequent bonding layers. 
Layer 16 may comprise silver, gold, or an oxide 
such as SiOj or At 2 0 3 . Gold is preferred, since it 
25 is the most non-reactive element available and best 
controls chemical diffusion and oxygen loss. Alter- 
natively, layer 16 may include a source of oxygen 
in the form of another YBCO layer or a layer of a 
different oxide material such as silver oxide, which 
30 decomposes at elevated temperatures to release 
oxygen. 

In microwave technology developed for low Tc 
superconducting materials such as niobium, oxy- 
gen-reactive species such as chromium and indium 
35 alloys can be used in direct contact with, or in 
close proximity to, the superconducting films. Us- 
ing these same methods with high Tc supercon- 
ductors would cause loss of oxygen from the HTS 
film during the fabrication process and therefore 
40 degrade the superconducting properties. But ma- 
terials such as silver, gold, and silicon diox.de 
cause minimal degradation and actually form pro- 
tective barriers on the HTS films. Surface resis- 
tance of YBCO has been found to be not signifi- 
es cantly affected by these materials. 

In Figure 4, the structure shown in Figure 3 has 
been inverted and bonded to a carrier substrate 20 
with suitable bonding layers 18. Bonding layers 18 
may comprise elemental metals or metal alloys 
so that are diffusion bonded or heat melted in place 
These layers 18 may consist of thin metal foils or 
thin metal films deposited directly on layers 16 or 
20 by chemical or physical deposition methods. 
Alternatively, organic adhesives may be used If 
55 protective layer 16 is made from silver or gold, it 
could possibly also serve as the bonding layer 18. 
The bonding performed by the bonding layer is a 
mechanical bond; it can, but is not required to, 
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form a chemical bond as well. Carrier substrate 20 
stabilizes the structure mechanically. Carrier sub- 
strate 20 is preferably made of the same material 
as the first substrate 12, or at least a substance 
having similar thermomechanical characteristics so 5 
as to eliminate mechanical stress during extreme 
temperature changes. Superconducting layer 10 is 
now sandwiched between the first substrate 12 and 
carrier substrate 20 which makes it possible to 
polish first substrate 12 to reduce its thickness to to 
the desired value without danger of contaminating 
or physically damaging superconductor layer 10. In 
addition, substrate 12 is physically supported by 
carrier substrate 20 against physical fracture. 

In Figure 5, the first substrate 12 has been is 
polished to form a thin dielectric layer 12. The 
layer 12 may be machined or chemically etched to 
a thickness in the range of 1 to 250 microns, as 
desired, to form a dielectric layer for electronic 
circuits. 20 

Finally, in Figure 6, a second superconductor 
layer 14 is deposited on dielectric layer 12. The 
second superconducting layer 14 may then be 
patterned by standard techniques to form the de- 
sired device, component or circuit as discussed 25 
with respect to Figure 1. Heating is once again 
accomplished by brazing and/or clamping carrier 
substrate 20 to a heater or radiatively heating to 
facilitate high quality epitaxial growth of the second 
superconductor layer 14. Since the composite SDS 30 
structure is thicker than a single substrate, it may 
be necessary to supply more energy to the sub- 
strate heater in order to provide the optimal tem- 
perature at the growing surface. 

Additional circuits may be added to the bottom 35 
of carrier substrate 20 in Figure 6, if desired, by 
depositing and patterning another layer of super- 
conducting material thereon. 

As mentioned earlier, it may be desirable to 
include a thin dielectric buffer layer 11 deposited 40 
between layers 10 and 12, as shown in Figure 7, to 
avoid having the superconducting layer chemically 
react with the substrate, thereby degrading its 
superconducting properties. This degradation can 
be avoided by depositing one or more intervening 45 
buffer layers 1 1 which do not chemically react with 
either the superconductor or the substrate material. 
Suitable buffer layer materials include strontium 
titanate, calcium titanate, magnesium oyide, and 
yttria-stabilized zirconia. Intervening buffer layers sc 
can also improve in-plane epitaxy ol the supercon- 
ductor. The structure of claim 7 is inverted and 
bonded to a carrier substrate 20 with bonding lay- 
ers 18, in a manner similar to that of Figure 4. The 
substrate layer 12 is thinned into a suitable dielec- s; 
trie layer and a second intervening buffer layer 21 
is deposited on layer 12 followed by a second 
superconductor layer 14 to form the SDS structure 



shown in Figure 8. Figure 8 is essentially the same 
structure as Figure 6, except including buffer layers 
11 and 21. 

The efficacy of this technique has been estab- 
lished by fabricating a microwave parallel-plate res- 
onator using YBCO as the superconductor and gold 
for both the bonding layer 18 and the protective 
layer 16. Bonding was performed at a temperature 
of 800 degrees C at an elevated uniaxial pressure. 
The resonator had a Q of approximately 6040 at a 
frequency of 6.41 GHz. In addition, gold and silver 
diffusion bonds have been used successfully to 
make double sided YBCO structures. 

This invention is also appropriate for bis- 
muthate superconductors such as Bai- x K x BiOa or 
Bai-xRb x Bi0 3 . Bismuthates have lower supercon- 
ducting transition temperatures but offer the advan- 
tages of a cubic structure and the opportunity to 
make hysteretic Josephson junctions, which might 
make it possible to integrate digital signal process- 
ing circuits based on familiar varieties of supercon- 
ducting logic. Although the bismuthates are not 
susceptible to oxygen loss, they present similar 
problems with respect to forming two superconduc- 
tor layers on opposite sides of a very thin dielec- 
tric. 

This invention is appropriate for all known ox- 
ide superconductors and all known substrates on 
which HTS films are deposited including lanthanum 
aluminate, neodymium gallate, calcium neodymium 
aluminate. sapphire, silicon, lanthanum strontium 
gallate, and yttrium oxide. The substrate materials 
determine, to an extent, the quality of the super- 
conducting films and the need for buffer layers but 
are otherwise not essential to the novelty of this 
invention. 

The process described in this disclosure allows 
the creation of a never before obtainable structure 
that permits HTS microwave devices and circuits, 
as well as other impedance matched devices and 
circuits, to be fabricated with interlayer dielectrics 
over a wide range of thicknesses. In particular, the 
disclosed new process can be used to make den- 
ser circuits and higher frequency components than 
the prior art allows. Slight variations in the enu- 
merated steps are, of course, possible. But the 
invention should be limited only in accordance with 
the appended claims and their equivalents. 

Note that instead of thinning the original sub- 
strate to form the thin dielectric, it is also possible 
to thin the second-applied substrate instead. In the 
latter case the second superconductor would be 
formed over the thinned second substrate instead 
of the thinned first substrate. 
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Claims 

1- A method of making superconducting electronic 
structures with superconducting layers on opposite 
sides of a thin dielectric layer, comprising the steps 5 
of: 

forming a first layer of superconducting ma- 
terial on a first mechanically stable substrate; 

forming a protective layer on said first layer of 
superconducting material; 1Q 

attaching a second mechanically stable carrier 
substrate to said protective layer; 

thinning said first substrate to form a dielectric 
layer; and 

forming a second layer of superconducting ma- 75 
terial on the side of said dielectric layer opposite 
from said protective layer, 

2. The method of claim 1 in which said second 
layer of superconducting material is patterned to 
form an electronic circuit structure. 2 o 

3. The method of claim 1 in which said layers of 
superconducting material are formed by physical 
vapor deposition. 

4. The method of claim 1 in which said layers of 
superconducting material are formed by chemical 25 
vapor deposition. 

5. The method of claim 1 in which said supercon- 
ducting materials are bismuthates. 

6. The method of claim 1 in which said supercon- 
ducting materials are cuprates. 30 

7. The method of claim 6 in which said supercon- 
ducting materials comprise YBCO. 

a The method of claim 7 in which said first sub- 
strate comprises lanthanum aluminate, magnesium 
oxfde, or neodymium gallate. 35 

9. The method of claim 8 in which said protective 
layer comprises a source of oxygen, 

10. The method of claim 9 in which said source is 
YBCO. 

11- The method of claim 9 in which said source is 4 0 
silver oxide. 

12. The method of claim 8 in which said protective 
layer comprises gold, silver, or an alloy of gold and 
silver. 

13. The method of claim 8 in which said protective 45 
layer is an oxide. 

14. The method of claim 13 in which the oxide is 
01 02. 

15. The method of ci 2l m 13 in which the oxide is 
AI2O3. 

16. The method of claim 48 in which said bonding 
layer comprises an adhesive. 

17. The method of claim 43 in which said bonding 
layer comprises gold, silver, or an alloy of gold and 
silver. 

55 

18. The method of claim 7 in which said first 
substrate comprises sapphire or silicon. 



19. The method of claim 18 including the additional 
steps of depositing buffer materials between the 
YBCO layers and the first substrate. 

20. The method of claim 19 in which said buffer 
materials are selected from the group consisting of 
strontium tftanate, calcium tftanate, magnesium ox- 
ide, and yttria-stabilized zirconia. 

21. The method of claim 49 in which said bonding 
layer is an adhesive. 

22. The method of claim 49 in which said bondinq 
layer is a noble metal. 

23. The method of claim 20, 21 or 22 in which said 
protective layer is a noble metal. 

26. The method of clam 20, 21 or 22 in which said 
protective layer is silicon oxide or aluminum oxide. 
29. A method of making superconducting micro- 
wave devices comprising the steps of: 

forming a first layer of superconducting ma- 
terial on a first substrate: 

forming a protective layer on said first layer of 
superconducting material; 

attaching a second substrate to said protective 
layer; 

thinning said first substrate to a thickness in 
the range of about 1 to 250 microns to form a 
dielectric layer suitable for the microwave region of 
the spectrum; and 

forming a second layer of superconducting ma- 
terial on said dielectric layer to form signal convey- 
ing circuits. 

30. a microwave circuit formed by the method of 
claim 2. 

31. A microwave circuit formed by the method of 
claim 8. 

32. A microwave circuit formed by the method of 
claim 20. 

33. A microwave circuit formed by the method of 
claim 29. 

34. A superconducting microwave circuit device 
comprising in combination: 

a first layer of superconducting material; 

a second layer of superconducting material 
patterned to form circuits; and 

a dielectric layer between said first and second 
layers, said dielectric layer having a thickness in 
the range of about 1 to 250 microns. 

35. The device of claim 34 in which said supercon- 
ducting materials are cuprates. 

36. The device of claim 34 in which said supercon- 
ducting materials are bismuthates. 

37. A superconducting electronic structure useful 
for supporting superconducting circuits comprise 
in combination: 

a first substrate; 

a layer of superconducting material epitaxially 
grown on the surface of said first substrate; 

a protective layer on said layer of supercon- 
ducting material on the side opposite from said first 
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substrate; and 

a supporting substrate attached to said protec- 
tive layer side of the layer of superconducting 
material. 

38. The structure of claim 37 in which said support- 
ing substrate is attached to said protective layer 
with a bonding layer, said bonding layer compris- 
ing a material selected form the group consisting of 
gold, silver, a gold and silver alloy, and an organic 
adhesive. 

39. The structure of claim 37 in which the super- 
conducting material is YBCO and the first substrate 
is lanthanum aluminate or magnesium oxide. 

40. The structure of claim 37 in which the super- 
conducting material is YBCO and the first substrate 
is sapphire or silicon and further including a buffer 
layer between said first substrate and said super- 
conducting material. 

41. The structure of claim 40 in which said buffer 
layer is a material selected from the group consist- 
ing of strontium titanate, calcium titanate, magne- 
sium oxide, and yttria-stabilized zirconia. 

42. The structure of claim 37 in which said first 
substrate is about 20 mils thick. 

43. The structure of claim 42 in which said support- 
ing substrate is attached to said protective layer 
with a bonding layer, said bonding layer compris- 
ing a material selected from the group consisting of 
gold, silver, a gold and silver alloy, and an organic 
adhesive. 

44. The structure of claim 43 in which the super- 
conducting material is YBCO and the first substrate 
is lanthanum aluminate or magnesium oxide. 

45. The structure of claim 42 in which the super- 
conducting material is YBCO and the first substrate 
is sapphire or silicon and further including a buffer 
layer between said first substrate and said super- 
conducting material. 

46. The structure of claim 45 in which said buffer 
layer is a material selected from the group consist- 
ing of strontium titanate, calcium titanate, magne- 
sium oxide, and yttria-stabilized zirconia. 

47. A method of thinning a substrate for supercon- 
ducting electronic structures comprising the steps 
of: 

forming a layer of superconducting material on 
a mechanically stable first substrate; 

forming a protective layer on said layer of 
superconducting material; 

attaching a mechanically stable carrier sub- 
strate to said protective layer; and 

thinning said first substrate while said first sub- 
strate is supported by said carrier substrate. 

48. The method of claim I, wherein said step of 
attaching comprises the steps of: 

forming a bonding layer on the side of said 
first protective 'ayer opposite from said first layer 
of superconducting material; and 



attaching said second mechanically stable car- 
rier substrate to the side of said bonding layer 
opposite from said first protective layer. 

49. The method of claim 20, wherein said step of 
5 attaching comprises the steps of: 

forming a bonding layer on the side of said 
first protective layer opposite from said first layer 
of superconducting material; and 

attaching said second mechanically stable car- 
w rier substrate to the side of said bonding layer 
opposite from said first protective layer. 

50. A method of making superconducting electronic 
structures with superconducting layers on opposite 
sides of a thin dielectric layer, comprising the steps 

75 of: 

forming a first layer of superconducting ma- 
terial on a first mechanically stable substrate; 

attaching a second mechanically stable sub- 
strate to said first layer of superconducting ma- 
20 terial; 

thinning a particular one of said first and sec- 
ond substrates to form a dielectric layer; and 

forming a second layer of superconducting ma- 
teria! on the side of said dielectric layer opposite 
25 from said first layer of superconducting material. 
51. The method of claim 50, wherein said particular 
one of said first and second substrates is said first 
substrate, and wherein said step of attaching com- 
prises the steps of: 
30 forming a protective layer on said first layer of 

superconducting material; and 

attaching said second mechanically stable car- 
rier substrate to said protective layer. 
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